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[57] ABSTRACT 
There is disclosed a secondary battery wherein either 
one of positive electrode and negative electrode ele 
ments is made of an active material, the color of which 
is changed according to a voltage between these elec 
trodes and wherein a window is formed for observing 
the color change of the electrode. 
Further, an electrochromic display device is disclosed 
in which a working electrode is made of a pyrolytic 
‘carbonaceous material which is obtained by thermal 
decomposition of a hydrocarbon compound at a low 
temperature of about 1,000° C. 

2 Claims, 1 Drawing Sheet 
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SECONDARY BATTERY 

This is a continuation-in-part application of the US. 
application Ser. No. 254,029, ?led l0/ 6/ 88, abandoned. 5 

BACKGROUND THE INVENTION 

1. Field of the Invention 
The present invention relates to a secondary battery 

capable of displaying the charge and discharge state 
thereof. 

2. Description of the Prior Art 
Recently, various electronic apparatuses of portable 

type are widely used and various secondary batteries 
suitable for these apparatuses have been developed and 
are available in the market. 
However, from a practical view point, the prior art 

apparatuses have problems to be solved. One essential 
problem is that it is impossible to directly know the 
charge and discharge state of the secondary battery. 
The charge and discharge state can be measured with 

use of a suitable measuring apparatus, but this method 
requires a measuring apparatus and is not convenient to 
each user. 25 

In order to solve this problem, there has been pro 
posed a detection method for detecting the charge and 
discharge state of the secondary battery which utilizes a 
color change according thereto (See, for example, J P-A 
No. 59-16283). 
However, in this method, it becomes necessary to 

provide a display electrode other than essential ele 
ments of the secondary battery with use of a material, 
such as W03, TiOz or the like, the color of which is 
changed by a reversible electro-chemical reaction. 
Due to this, the battery structure becomes very com 

plicated, and is not advantageous for the production 
process therefor and the dimension thereof becomes 
bulky. 
On the other hand, the electrochromic device is well 

known which assumes a speci?c color due to an electro 
chemical reversible reaction. Accordingly, the electro 
chromic device is applicable to a display device. 
As an electrochromic display device, there has been 

known an electrochromic device which utilizes color 
change due to change in the stage structure of a graph 
ite intercalation compound. 
As is well known, graphite has a layered structure 

capable of forming an intercalation compound between 
adjacent layers thereof by regularly intercalating vari 
ous atoms and/or molecules therebetween. The interca 
lation compound assumes a color speci?ed by the kind 
of inserted atom or molecule and the stage structure 
thereof. 55 

In Appl. Phys. Lett. 35 (1978) p 771 and Synth. Met. 
3 (1981) p 27, _P. P?uger et al. proposed and tested an 
electrochromic display device which utilizes a color 
change caused by a reversible change in the stage struc 
ture of lithium-graphite intercalation compound having 
lithium of an alkali metal as the inserted atomic species. 

In this display device, HOPG (highly oriented pyro 
lytic graphite produced by Union Carbide Corp.) is 
used for the working electrode, metallic lithium is used 
for the counter electrode and an organic solvent (liquid 65 
electrolyte) such as dimethylsulfoxide or Li3N of a solid 
ion conductor is used for the ion conduction layer 
which serves as an ion travelling layer for lithium ions. 
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FIG. 5 shows an example of the electrochromic dis 

play device manufactured for trial by P. Pfluger et al. 
wherein Li3N was used for the ion conduction layer. 

This device has such a structure that a transparent 
electrode 32, a working electrode 33, an ion conduction 
layer 34, a counter electrode 35, an electrode 36 and a 
glass substrate 37 are formed stacked on a glass sub 
strate 31. When a voltage is applied between two elec 
trodes 32 and 36, lithium ions are implanted from the 
counter electrode 35 to the working electrode 33 
through the ion conduction layer 34 or discharged from 
the latter electrode to the former electrode to make the 
color of the working electrode 33 change reversibly. If 
the electrode 36 is made of a transparent material, the 
color change of the working electrode can be observed 
through both of the glass substrates 31 and 37. 
However, this type of electrochromic display device 

using HOPG for the working electrode has some disad 
vantages as follows. ' 

The device having an ion conduction layer of an 
organic solvent has an inferior stability even though it 
has a quick response of about 0.2 second. 
HOPG used for the working electrode is apt to take 

not only lithium atoms but also molecules of the organic 
solvent used for the ion conduction layer 34 into the 
layered structure thereof during the action of the device 
because it has a high crystalline structure and a high 
orientation. The largeness of each molecule of the or 
ganic solvent, when taken into the layered structure, 
causes the layer distance of HOPG to enlarge consider 
ably and, due to this, the crystalline structure of HOPG 
is often destroyed. The instability of the display device 
of this type is caused by the insertion of molecules of the 
organic solvent into HOPG. 

Contrary to the above, in the display device including 
Li3N of a solid ion conductor as the ion conduction 
layer 34, the response speed thereof is lowered consid 
erably though the problem of the instability is solved. 

Further, in this structure of the display device, the 
color change of the graphite intercalation compound 
can be observed only from a side opposite to the side 
being contacted with the ion conduction layer 34 of the 
graphite working electrode 33. Accordingly, it cannot 
be observed until lithium atoms inserted from the side 
being contacted with the ion conduction layer have 
been diffused in the graphite working electrode 33 to 
opposite side. This is the reason why the response speed 
is lowered in this type of the display device. 

In order to prevent the lowering of the response 
speed, it is necessary to make the thickness of the graph 
ite working electrode thinner to an order of several 
hundred A. Although it is possible to thin HOPG by 
exfoliation, it is difficult to obtain a uniform thickness of 
the graphite thin ?lm of several hundred A thickness 
thereby. Further, since this type of display device ne 
cessitates complicated formation processes, it is not 
suitable for industrial production. 

Also, the cost of HOPG inevitably becomes very 
high since it is produced through such a difficult heat 
treatment to be performed under a high pressure at a 
temperature above 2,000“ C. This makes wide use of this 
type of display device very dif?cult since various 
cheaper display devices are available in the market. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a 
secondary battery capable of displaying the charge and 
discharge state thereof. 
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Another object of the present invention is to provide 
a secondary battery in which the active material of to 
battery serves as a display means for displaying the 
charge and discharge state thereof. 
A further object of the present invention is to provide 

an electrochromic display device having stable and 
quickly responsive displaying function. 

In order to accomplish these objects, the present 
invention provides a secondary battery which is com 
posed of a positive electrode element, a negative elec 
trode element, a separator containing an electrolyte 
therein which is inserted between the positive electrode 
element and the negative electrode element and a casing 
for packaging these elements therein, being character 
ized in that: either one of the positive and negative 
electrodes is made of a pyrolytic carbonaceous material 
which is obtained by thermal decomposition of a hydro 
carbon compound selected from benzene, propane and 
their derivatives at a low temperature of about 1,000“ 
C., said pyrolytic carbonaceous material changing in 
color due to a change in the stage structure of a graphite 
intercalation compound formed between adjacent lay 
ers which is caused in response to a voltage generated 
between the positive and negative electrodes; wherein 
the casing has a transparent window for observing the 
color change of said pyrolytic carbonaceous material. 

In the secondary battery according to the present 
invention, the color of the electrode element made of an 
active material changes according to a voltage between 
two electrodes and the color change can be observed 
through the window. Namely, the charge and discharge 
state of the secondary battery can be checked by ob 
serving the color of the electrode element. 
According to the present invention, there is provided 

an electrochromic display device which utilizes change 
in color due to change in the stage structure of a graph 
ite intercalation compound as a working electrode 
being characterized in that the working electrode is 
comprised of a pyrolytic carbonaceous material which 
is obtained by thermal decomposition of a hydrocarbon 
compound selected from benzene, propane and their 
derivatives at a low temperature of about 1,000” C., said 
pyrolytic carbonaceous material having microcrystal 
line grains of a small radius of about 100 A. 

This electrochromic display device shows a quick 
response according to a change in the voltage applied 
thereto and a long durability which guarantees a stable 
display function. 

BRIEF DESCRIPTION OF DRAWINGS 

These and other objects and features of the present 
invention will become more apparent when the pre 
ferred embodiment of the present invention is described 
in detail with reference to the accompanying drawings 
in that; 
FIG. 1 is a cross-sectional view of a secondary bat 

tery according to the present invention; 
FIG. 2 is a schematic cross'sectional view of an elec 

trochromic display device according to the present 
invention; 
FIG. 3 is a schematic perspective view for showing 

the collector to be formed on the working electrode of 
the electrochromic display device shown in FIG. 2; 
FIG. 4 is a schematic cross-sectional view of another 

electrochromic display device according to the present 
invention; and 
FIG. 5 is a schematic cross-sectional view of a con 

ventional electrochromic display device. 

4 

DETAILED'DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 shows an example of a flat type secondary 
5 battery. 

In a casing 1 of an electrically conductive material, a 
positive electrode 2, a separator 3 and a negative elec 
trode 4 are stacked. The positive electrode 2 is made of 
C1'303. The separator 3 contains propylene carbonate 

10 into which lithium perchlorate of 1 M01 is resolved as 
an electrolyte. The negative electrode 4 is made of a 
carbonaceous material which is deposited on a nickel 
substrate in the thermal vapor deposition of benzene, 
propane, or their derivatives with use of a low tempera 
ture thermal decomposition. On the negative electrode 
4, a ring-like negative electrode terminal 5 is formed 
projected from the aperture of the casing 1 and a sealing 
element 6 is formed on a circular area of the negative 
electrode 4 de?ned by the negative electrode terminal 

20 5. The sealing element 6 is made of a transparent mate 
rial such as glass so as to be able to observe a color 
change of the negative electrode 4 therethrough. 
Namely, the sealing element 6 serves as a window for 
observing the color change. 

Further, an insulating packing 7 is inserted around the 
inner periphery of the casing 1 so as to insulate the 
separator 3, the negative electrode 4 and the negative 
electrode terminal 5 from the casing 1. 

It is to be noted that the charge collection effect is 
30 enhanced much more by vapor-depositing a transparent 

electrode such as In2O3 doped with SnOz on the surface 
of the sealing element 6 contacting the negative elec 
trode 4. ' 

Also, it is possible to make the sealing element 6 thin 
ner when a transparent electrically conductive ?lm of, 
for example, polydiodo carbazole doped with bromine. 
A secondary battery manufactured for trial according 

to the present preferred embodiment has a charge and 
discharge capacity of 10 mAh. The negative electrode 4 

40 assumes a distinct golden color in the charged state 
thereof. 
The color of the negative electrode 4 is changed to 

blue after about ?ve hours from starting discharge at a 
current of 1 mA and to blue black after about eight 
hours and, after about ten hours, to pure black. Thereaf 
ter, when the secondary battery has been fully charged, 
the negative electrode assumes a distinct golden color 
again. 
The capacity thereof and clearness in the color 

50 change are not worsened anymore even after 500 
charge-discharge cycles by a current of 1 mA. 

THE SECOND PREFERRED EMBODIMENT 

FIG. 2 shows an example of an electrochromic dis 
play device according to the present invention. 
The device is comprised of a window element 11 of 

quartz glass, a transparent electrode 12 formed on the 
window element 11, an ion conduction layer 13 of a 
liquid electrolyte, a collector frame 14, a working elec 

60 trode 15 and another window element 16 of quartz 
glass. 
The organic solvent used for the ion conduction layer 

13 is dimethylsulphoxide and, as the transparent elec 
trode 12, indium-tin oxide is used. 
The working electrode 15 is formed on the window 

element 16 by thermal decomposition of benzene at a 
temperature of about l,000° C. according to CVD 
method. The pyrolysis carbon ?lm deposited on the 
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other surface of the window element 16 is removed so 
as to enable observation of the color change of the 
working electrode 15 therethrough. 

It is to be noted that propane and derivatives thereof 
are also usable to form the working electrode 15 in 
place of benzene since the pyrolytic carbonaceous ma 
terial obtained by thermal decomposition of propane is 
similar to that obtained by the thermal decomposition of 
benzene. 
As shown in FIG. 3, the collector frame 14 of nickel 

is arranged on the working electrode 15. 
Lithium atoms are implanted into the pyrolytic car 

bonaceous ?lm forming the working electrode 15 so as 
to have the component of the ?rst stage. After implant 
ing lithium atoms, all of elements are assembled to form 
an electrochromic display device. _ 
When a voltage of (-3) V is applied between two 

electrodes 12 and 15, the working electrode 15 assumes 
a golden color of lithium-graphite intercalation com 
pound (C6Li) of the first stage and, when a voltage of 
(— 1.5) V is applied, it assumes a blue color of that of the 
second stage (C12Li). 
As is apparent from the above that the working elec 

trode 15 made by thermal decomposition of propane or 
derivatives of propane also shows the same color 
change as that made by thermal decomposition benzene 
or derivatives of the same. 

Response time interval in the color change is 0.2 
second and the device shows a stable display function 
after driving the same 8 million times. 
The pyrolytic carbonaceous material according to 

the present invention is obtained by the thermal decom 
position of a hydrocarbon compound at a temperature 
of about 1,000“ C. and is a collection of microcrystals 
having a graphite structure. This carbonaceous material 
is discriminated from the pyrolysis graphite such as 
HOPG having a well grown graphite crystalline struc 
ture. 
The graphite microcrystals usually have a random 

arrangement, however, when the CVD method is used 
for the compositing method and compositing conditions 
are properly controlled, the orientation between micro 
crystals is improved. This enables a pyrolytic carbona 
ceous material to be obtained having a high orientation 
such that randomness in the direction of the C-axis falls 
in a range defined between :45". 
The pyrolytic carbonaceous material forms an inter 

calation compound by taking relatively small atomic 
species such as lithium between layers thereof which 
shows changes in the stage structure and in the color 
thereof similar to HOPG. Especially, the pyrolytic 
carbonaceous material has a diffusion speed of atomic 
species in the thin ?lm thereof as fast as that of HOPG. 

Small atomic species such as lithium atoms are dif 
fused into graphite not only between layers of the 
graphite microcrystals but also through passages de 
?ned by lattice defections formed in the graphite crys 
tal. The present pyrolytic carbonaceous material has 
many more lattice defections when compared with the 
pyrolytic graphite such as HOPG and, therefore, is 
suitable for the insertion of small atomic species. 
On the contrary, large molecules such as molecules of 

an organic solvent are diffused into graphite only 
through paths de?ned between layers of microcrystals 
in such a manner that they travel from one microcrystal 
to an adjacent microcrystal. Accordingly, the intercala 
tion compound having a large insertion species is hardly 
formed in the present pyrolytic carbonaceous material 
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6 
wherein the orientation between adjacent microcrystals 
is inferior and many boundaries are formed among the 
microcrystals. 
Although present pyrolytic carbonaceous material 

has a high orientation a pyrolytic carbon, it has a lesser 
orientation when compared with HOPG (which has a 
randomness in the direction of C-axis falling in a range 
of i 1°) and microcrystalline grains of about 100 A 
radius which is far smaller than the radius of about 1 pm 
in HOPG. Thus, the insertion of large molecules such as 
those of an organic solvent is never caused in the pres 
ent carbonaceous material. Therefore, the color change 
thereof can be stabilized since only small atomic species 
such as lithium atoms contribute to the color change. 
And the color of the negative electrode 4 is changed 

sensitively to the voltage applied between two elec 
trodes. Thus, the charge and discharge state of the sec 
ondary battery is easily detected by observing the color 
of the negative electrode 4 through the window 6. 

THE THIRD PREFERRED EMBODIMENT 

FIG. 4 shows another example of the electrochromic 
display device according to the present invention. 
The device is comprised of a glass substrate 21, a 

transparent electrode 22, a lithium electrode 27 formed 
on the electrode 22 as one of the counter electrodes, an 
ion conduction layer 23 of Li3N being a solid electro 
lyte, a collector 24, a working electrode 25 and another 
glass substrate 26. 
The working electrode 25 is formed according to the 

same method as in the second preferred embodiment. 
The color change of the working electrode 25 is ob 
served through the glass substrate 26. 
The electrochromic display device shows the color 

change substantially similar to that of the second pre 
ferred embodiment. 
The response time interval in the color change is 0.3 

second. ' 

Thus, the electrochromic display device according to 
the present invention shows a quick response for the 
color change according to an applied voltage between 
two electrodes. 

Further, it shows a stable display function since only 
small atomic species contribute to the color change of 
the working electrode. 
The preferred embodiments described herein are 

illustrative and not restrictive, the scope of the inven 
tion being indicated by the appended claims and all 
variations which come within the meaning of the claims 
are intended to be embraced herein. 
What is claimed is: - 
1. A secondary battery which is composed of a posi 

tive electrode element, a negative electrode element, a 
separator containing an electrolyte therein which is 
inserted between the positive electrode element and the 
negative electrode element and a casing for packaging 
these elements therein, being characterized in that: 

either one of the positive and negative electrode is 
made of a pyrolytic carbonaceous material which is 
obtained by thermal decomposition of a hydrocar 
bon compound selected from benzene, propane and 
their derivatives at a low temperature of about 
l,000° C., said pyrolytic carbonaceous material 
changing in the color thereof due to a change in 
stage structure of a graphite intercalation com 
pound formed between adjacent layers which is 
caused in response to a voltage generated between 
the positive and negative electrodes; wherein the 
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casing has a transparent window for observing the 
color change of said pyrolytic carbonaceous mate 
rial. 

2. An electrochromic display device which utilizes a 
change in color due to a change in the stage structure of 
a graphite intercalation compound as a working elec 
trode being characterized in that the working electrode 
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8 
is comprised of a pyrolytic carbonaceous material 
which is obtained by thermal decomposition of a hydro 
carbon compound selected from benzene, propane and 
their derivatives at a low temperature of about l,OOO° 
C., said pyrolytic carbonaceous material having micro 
crystalline grains of a small radius of about 100 A. 

* * * * * 


